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Synopsis 

Binuclear  platinum-terpyridine  (tpy)  complexes  have  been  prepared  with  a  variety  of 
bridging  ligands  resulting  in  a  range  of  metal-metal  distances  (2.998(2)  to  3.342(3)A) 
The  energy  of  an  intense  visible  absorption  is  strongly  dependent  on  this  metal-metal 
separation  and  is  assigned  to  a  da*(Pt2)->rt*(tpy)  transition. 
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Abstract. 

Binuclear  complexes  of  the  platinum(terpyridine)  fragment  have  been  prepared  with  a 
variety  of  bridging  ligands  to  form  the  cationic  species  {[Pt(tpy)]2(p-L)}3'''  (tpy  =  2,2'-6,2'- 
terpyridine;  LH  =  pyrazole  1,  azaindole  2,  diphenylformamidine  3).  These  complexes,  along 
with  the  previously  reported  arginine-bridged  species  4  (Kostic  et  ai,  Inorg.  Chem.  1990, 

29,  918),  have  been  characterized  spectroscopically.  The  lowest  energy  electronic 
absorption  is  assigned  to  a  da*->7t*(tpy)  (metal-to-ligand  charge  transfer,  MLCT)  transition; 
the  transition  energy  decreases  with  decreasing  Pt-Pt  distance,  according  to  1  (430;  3.432)  > 

2  (460;  3 13)  >  3  (490;  3.049)  >  4  (488  nm;  2. 998 A).  Emission  is  observed  from  the 
^(do*7t*)  state  of  complexes  2,  3,  and  4.  Low-temperature  glassy  solutions  of  complex  1 
also  exhibit  ^(da*n*)  emission  in  pure  acetonitrile;  however,  DMF  solutions  of  1  show 
terpyridine-localized  ^(rtTt*)  emission.  Terpyridine  vibrations  in  the  1300  to  1700  cm’^  range 
are  enhanced  in  the  resonance  Raman  spectra  of  complexes  1-4,  thereby  confirming  the 
7t*(tpy)  participation  in  the  low  energy  transition. 


Square  planar  complexes  show  a  pronounced  tendency  to  aggregate  as  weakly  metal- 
metal-bonded  oligomers. '  The  most  thoroughly  investigated  materials  include  infinite-chain 
Pt(CN)42’  species^  and  several  luminescent  binuclear  complexes  (e  g.,  Pt2(P2C>5H2)4‘^'  and 
[LL'Ir(n-pz)]2  (LL’  =  (CO)2;  (CO)(PR3);  1 ,5-cyclooctadiene);  pzH  =  pyrazolc)  that  possess 
metal-metal-bonded  da*(d22)pa(p2)  excited  states.^  Mononuclear  a-diimine  complexes  of 
Pt(II)  (e  g.,  Pt(bpy)(CN)2  (bpy  =  bipyridine))  tend  to  crystallize  as  linear  chains,  and  the 
highly  luminescent  solid  materials  are  more  intensely  colored  than  the  monomers.^  These 
complexes  exhibit  luminescence  spectra  that  occur  at  lower  energy  and  have  much  different 
emission  profiles  than  those  for  the  Pt(CN)42*  chains.  It  has  been  suggested**  that  the  solid- 
state  emission  of  this  type  of  complex  is  attributable  to  a  (do*— >^7r*(a-diimine))  excited  state. 

We  have  begun  an  investigation  of  the  photophysics  of  dc*7t*  excited  states  in  discrete 
binuclear  d^-d^  complexes  containing  polypyridyl  ligands.  Kostic  has  characterized 
([Pt(tpy)]2(p-can)}(PFg)3  (tpy  =  terpyridine;  can  =  canaverine),*  and  we  have  prepared 
related  complexes  with  a  variety  of  anionic  N — N  bridging  ligands  (Table  I).®  The  colors  of 
the  compounds  range  from  light  orange  (1)  to  deep  red  (3,  4).  In  addition  to  UV  absorptions 
attributable  predominantly  to  tik*  transitions,  there  are  new  visible  absorption  bands  that, 
along  with  emission  maxima,  move  to  lower  energy  with  decreasing  Pt-Pt  separation  (Figure 
1).'^  The  solid-state  luminescence  spectra  at  ambient  temperature  for  all  these  complexes 
exhibit  featureless  bands  (Figure  1)  that  blue  shift  slightly  at  77K  (Table  I);  the  excited-state 
lifetimes  fall  between  1  and  2.5  ps.  The  77K  glassy  solutions  of  2,  3,  4  show  similar 
luminescence  profiles.  Terpyridine  vibrations  (1300  to  1700  cm'^)  are  enhanced  in  the 
resonance  Raman  spectra  of  1  -  4,  thereby  confirming  that  a  tpy  orbital  is  involved  in  the  low- 
energy  electronic  transition.* 

The  emission  spectra  of  the  pyrazolyl-bridged  complex  (1)  in  a  frozen  acetonitrile 
solution  and  in  the  solid  state  are  similar  in  apj^earance  (?>.niax  ^92  nm);  however,  in  frozen 
DMF  (DMF  =  dimethylformamide)  solution  or  a  10:10:1  EtOH:MeOH:DMF  glass,  the 
emission  blue  shifts  and  is  highly  structured  (Figure  2).  Since  similarly  structured 


emission  bands  are  observed  for  Pt(ipy)(NH3)2+,’  Zn(tpy)Cl2,’°  Ir(tpy)2^ ' 
[Pt(bpy)en](C104)2  (bpy  =  bipyridine;  en  =  ethylenediamine),^and  lerpyridine'*  itself, 
this  feature  is  attributed  to  a  tpy-localized  ^(rtTc*)  transition.  The  striking  result  is  that  very 
small  changes  in  solvent  composition  can  cause  the  observed  emission  to  change  from  the 
broad,  poorly  structured  3(da*u*)  to  the  highly  structured  ^(TtTr’*')  system.  Apparently,  the 
energy  of  the  ^(da*?:*)  state  depends  strongly  on  the  nature  of  the  solvent,  as  expected  for 
a  state  with  MLCT  character. 

The  fluid  solutions  of  these  new  complexes  in  EtOH/MeOH/DMF  do  not  show  any 
significant  emission  intensity  at  room  temperature,  and  there  is  essentially  complete  quenching 
of  otherwise  highly  emissive  glassy  solutions  when  they  are  warmed  through  their  glass 
transition  temperature.  This  constitutes  yet  another  distinction  from  the  dCT*pa  excited  states 
of  compounds  such  as  Pt2(P205H2)4‘**,  which  are  relatively  long-lived  in  fluid  solution. 

It  is  apparent  that  the  orbital  configuration  of  the  lowest  energy  electronic  excited  state 
in  complexes  1-4  depends  on  the  metal-metal  separation.  For  shorter  Pt-Pt  distances,  the 
lowest  state  is  ^(da*;:*);  as  the  distance  between  the  platinum  atoms  increases,  the  •’(do*;:*) 
energy  increases.  At  sufficiently  large  Pt-Pt  separations,  the  •’(da*::*)  state  will  move  above 
Interestingly,  the  /i-pyrazolyl  complex  1,  which  displays  both  do*::*  and  nn* 
emission  spectra,  is  very  near  this  crossover. 
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TABLE  1.  Structural  and  spectroscopic  data  for  [Pt(tpy)]2(u-L)^‘^  complexes. 


*  DMF  solutions  (CH3CN  solution  for  3)  at  room  temperature.  Molar  absorptivity  in 
parentheses.  Lowest  energy  feature.  ^  Monitor  lowest  energy  emission.  **  DMSO 
solution  at  room  temperature;  442  nm  He/Cd  laser.  ^  Reference  6a.  ^  Solid  at  room 
temperature.  ®  Solid  at  77  K.  ^  CH3CN  solution  at  77  K.  -i  10;  10:1 
MeOH;EtOH:DMF  glass  at  77  K.  ^  Reference  6b.  *  Reference  5. 


FIGURE  1.  Electronic  spectra  of  3  :  -  absorption  at  room  temperature  (CH3CN 

solution); - emission  at  77  K  (10:10;  1  MeOH;EtOH;DMF);  - excitation  at 

77  K  (10:10:1  MeOH;EtOH;DMF). 


FIGURE  2.  Emission  spectra  of  1  at  77  K;  - CH3CN  solution; - 

CH3CN/1%DMF;  - CH3CN/l%MeOH . 
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